Abstract: Two-dimensional superconductivity at the interface between a topological insulator and a non-superconducting iron-chalcogenide compound is realized. Here, we report transport 2 measurements on a Bi 2 Te 3 /FeTe heterostructure fabricated via van der Waals epitaxy, which demonstrate superconductivity at the interface induced by the Bi 2 Te 3 epilayer with thickness even down to one quintuple layer. The two-dimensional nature of the observed superconductivity with the highest transition temperature around 12 K was verified by the existence of a Berezinsky-Kosterlitz-Thouless transition and the diverging ratio of in-plane to out-plane upper critical field on approaching the superconducting transition temperature. The heterostructure studied in this work provides an ideal platform with unconventional superconductivity for hosting Majorana fermions and studying their exotic physics.
Main Text: Superconductivity at the interface of a heterostructure confined to nanometer-sized scale offers unique opportunities to study the exotic physics of two-dimensional superconductivity. In particular, the emergent realization of superconductivity at the interfaces between transition metal oxides (TMOs) has attracted growing attention in recent years (1) .
Typical TMO interfaces reported so far include LaAlO 3 /SrTiO 3 , LaTiO 3 /SrTiO 3 , La 2 CuO 4 /La 2- x Sr x CuO 4 and Ba 1-x Nd x CuO 2 /CaCuO 2 (2) (3) (4) (5) (6) (7) . Interface superconductivity between chalcogenides such as PbTe/PbSe and PbSe/PbS has also been reported (8) .
Recently, the discovery of superconductivity in layered iron-based materials has steered the high-transition-temperature (T c ) superconductors to an iron age. These so-called iron-based superconductors (Fe-SC) are the focus of contemporary research due to their high upper critical fields, large critical current densities and unconventional pairing symmetries. Among them, the 11-type iron-chalcogenide Fe-SCs have the simplest chemical composition and a relatively simple crystalline structure (9) (10) (11) . 3 Since the discovery of Fe-SC in 2007, another novel state of quantum matter, the topological insulator (TI), has become a hot topic in condensed matter physics (12, 13) . The robust topological surface states are topologically protected against time-reversal-invariant perturbations. More interestingly, inducing s-wave superconductivity on the surface state of a TI results in a p-wave superconductor that hosts Majorana fermions in its vortex cores (12, 13) .
Motivated by the prospect of creating Majorana fermions, which are non-Abelian particles and have potential applications in quantum computations (14) , several attempts have been made to induce superconductivity on TI surfaces using bulk superconductors (15) (16) (17) . In this work, we find that interface superconductivity is induced when a thin film of TI, Bi 2 Te 3, is grown on a non- possesses a six-fold symmetry and FeTe is in a four-fold symmetry with respect to their c-axis directions, the heteroepitaxial growth can still proceed, resulting an atomically sharp interface via vdW expitaxy that allows defect-free epitaxial growth on a substrate possessing large lattice mismatch or distinct crystalline structure as compared with those of the epilayers (20) . Fig. 1 displays the TEM images of a Bi 2 Te 3 (7 QLs) /FeTe (140 nm) prepared in this study, which indeed demonstrate that the vdW expitaxy can result in a very sharp interface.
It is well known that FeTe, as the parent compound of iron chalcogenides, does not exhibit superconductivity either at ambient pressure or under high hydrostatic pressure (21) (22) (23) (24) (25) . Fig. 2A shows the resistance versus temperature R(T) curves for a pure 140-nm-thick FeTe film and a set Furthermore, the superconducting transitions shown in figs. S1A and S1B of (26) Device Fabrications and Transport Measurements. Each sample was cut into long strips using diamond scriber. Silver paint was used to form circular electrodes with diameters of ~ 0.5 mm and spacing of ~ 2.0 mm, which were connected to the measuring instruments with aluminum wires. All the transport measurements were carried out in a Quantum Design PPMS system, which is equipped with a 14-Tesla superconducting magnet and possesses a base temperature of 16 2 K. The transport measurements were conducted using a pulse mode to avoid heating effect, which indeed was found to be negligible for our measurements as consistent results were obtained either the samples were placed in Helium-4 vapor or in Helium-4 liquid. For the heterostructure samples with thicknesses of 1, 2 and 3 QLs of Bi 2 Te 3 , the measuring temperature was further cooled down to 280 mK in an Oxford Cryostat with Helium-3 insert. Figure S2A shows Three characteristic temperatures of the superconducting transition, the onset temperature (corresponding to the onset temperature at which the resistance starts to drop), the mid-point temperature (corresponding to the temperature at which the resistance falls to 50% of normal state resistance) and the zero-resistance temperature (corresponding to the temperature at which the zero-resistance state is reached), are extracted from the R(T) characteristics under different 
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